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MULTI-LAYER ORIENTED POLYPROPYLENE 
FILMS WITH MODIFIED CORE 

This application claims priority to U.S. Provisional Patent Application No. 

5 60/173,720, filed December 30, 1999. 

There is provided a multi-layer, oriented, shrinkable film comprismg a 
skin layer A, a, leas, one core layer B and a skm layer C, wherein a, leas, one core 
layer comprises a mixture of (a) a crystalline polypropylene matrix polymer, (b) 
polymeric material which reduces the crystalling of said crystalhne 
10 polypropylene matrix polymer, and (c) a hydrocarbon resin. 

Embodimen^describedhereinrela.etotheinven.ionoffi.mscompnsmg 

multiple layers that are transparent and may be processed to result ,n h.gh 
shrinkage. The invention also relates to methods for manufacturing such a film 
processes for using the film, and objects sealed with shrunken versions of the film. 
, « The market for polypropylene-based films has seen a significant reduction 

in sell price. Hydrocarbon resin are well known processing aids. Hydrocarbon 
resins are also well known for enhancing certain physical properties such as 
stiffness and gloss. Unfortunately, the cos, of hydrocarbon resins is stgntfican ly 
higher than polypropylene and many outer copolymers and .erpolymers Really 
20 used To produce an economical film with the necessary physical propert.es for a 
packagmg film typically requires greater man 10% hydrocarbon addition .o me 
C0 re « permit sti,,chi„ g at greater man 5 times in me longititdinal directior , a, . 
very low temperatures. I. is no, uncommon for me addition of up to 20 /., 30 /. 
and even 40% hydrocarbon. At these levels of hydrocarbon, it is no, economtcal 
25 ,o produce a film with me necessary phys.calpropert.es. These phys.cal 

properties are characterized as films having exce.l.n,: (a) optics; (b) mechamca 
properties; (c) greater man 20% overall area reduction shrinkage a. 135 C; (d) sl.p 
properties for high-speed packaging; and (e) scalability. 

This invention provides a transparent, heat-sealable and shrinkable multi- 
30 layer film hav.ng the above-mentioned desirable properties. This film comprises a 
core blend of polypropylene and a. least one modifier, and a hydrocarbon, winch 
can be used for packaging items such as cassette tapes, CD cases and .obacco 
boxes at high speed. 
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Another object of the present invention is to provide a film that is more 
economically produced than known films. 

A further object of the present invention is to provide a process for 
producing the films described above. 
5 The sealant layers can be coextruded or colaminated with low melting 

point materials. This is because the longitudinal stretching temperatures are low 
enough to allow processing without sticking to the longitudinal stretching 
machinery. 

Examples of sealant layers are, but not limited to, metallocene catalyzed 
10 linear low density polyethylene (LLDPE) and high butene-1 containing 

copolymers and terpolymers, such as a terpolymer of ethylene, butene-1 and 

polypropylene. 

The film can be treated or untreated by standard methods to increase 

surface tension. , u • u 

15 The present invention makes it possible to produce economical shrink 

films capable of high-speed packaging. In fact, the invention is especially suited 
to producing very thin films. The multi-layer film can be produced in thickness 
ranging from 8 to 40 microns. The process utilizes longitudinal stretching 
temperatures from below 75°C, up to 105°C with stretch ratios at one, or four to 
20 seventimes. Transverse stretch ratios may be between 5 and 11 at temperatures 
below 145°C. As is realized by those skilled in the art, a non-shrink version of the 
film can be achieved by reducing the MDX and utilizing normal transverse stretch 

and annealing temperatures. 

The lower than normal longitudinal processing temperature allows for the 
25 use of low melting point skin polymers which may be used to lower seal initiation 
temperatures or improve hermetic seal properties. The combination of 
hydrocarbon resins and core modifier results in film, which maintains acceptable 
mechanical properties, especially suited for high-speed packaging. 

The present invention will make it possible to develop novel economical 
30 oriented polypropylene (OTP) films with low seal initiation temperature surface 
skins These films will be suitable for high-speed packaging, such as cigarettes 
and cassette tapes, where high shrinkage properties are desired. In addition, the 
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same designs can be produced with less orientation and higher transverse 
stretching and annealing to produce normal shrinkage films. 

U S Patent No. 5,691,043 describes examples of both (a) a crystalhne 
polypropylene matrix polymer and (b) polymeric material which reduces the 
crystallinity of said crystalline polypropylene matrix polymer. 

The core layer material can comprise a blend of a more isotacttc 
polypropylene with modifiers which are polyo.efin materials which are less 
crystalline due to a higher degree of chain imperfections or lower isotaefctty. 

Modifiers suited to use in the present invention include polyo.efins other 
ton isotactic polypropylene. The modifier can be selected from the group 
consisting of atactic polypropylene, syndiotactic polypropylene, ethylene- 
propylene copolymer, propylene-butylene copolymer, ethylene-propylene- 
butylene terpolymer, polybutylene, and linear low density polyethylene. 

atactic polypropylene, e.g., polypropylene having less man 5% atactic,*, 
say less than about 3% atactica* can be combined with a modifier, e.g., atactic 
Polypropylene, in the present core layer B. Atactic content can be measured by a 
polymer's insolubility in boiling n-hexane with chain imperfections hemg 
observed via NMR tests. The polypropylene matrix polymer (a) may have an 
isotacticity of a. leas, 80%, for example, 95% or greater, as measured by C„ 
NMR The isotactic polypropylene polymer may have a mel, flow (measured m 
accordance with the standard ASTM D1238 method) ranging from about 1.2 to 
about 10 g/10 minutes, for example, from about 2.5 ,0 about 6 g/10 mmutes. 

Commercially available isotactic polypropylene suited to use in the present 
invention includes Fina 337! from Fina Oil and Chemical Company, Chemrcal 
, Division, Dallas TX. Atactic polypropylenes which are commercially avatlable 
include L1300 from Novolen of BASF Corporation, Parsippany, NJ. 

in another embodiment, the present invention employs a core layer winch 
comprises polypropylene as described above, preferably isotactic poiypropylene 
mixed with polybutylene modifier to provide a core layer containing, for example, 
0 2 to 15 w. % polybutylene, e.g., 5 to 10 w, % polybutylene. Smtablc 

polybutylenes include PB 8430, available from Shell Chemical Company of 
Houston, TX. 
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In yet another aspect of the invention, the core layer comprises 
polypropylene as described above, preferably isotactic polypropylene, tmxed w,.h 
ethylene-propylene copolymer modifier, e.g., 2 ,» 10 w, % ethylene-propylene 
copolymer, for example, 3 to .0 wt % E-P copolymer. Suitable E-P copolymer 
can contain from 2 to 7 w, % ethylene, the balance being propylene. The 
copolymers can have a melt index at 230°C generally ranging from 2 to 15, e.g., 
from3,o8. The crystalline melting point is usually from about 125°C to about 
,50°C and,henumberav=ragemolecularweigh.isabout2 5 ,000-100,000. The 
density may be from 0.89 to 0.92 gW. Suitable E-P copolymers include BP 
8573, available from Fina Oil and Chemical Company, Chemical D,v„on, Dallas, 

TX. . „ 

In still another aspect of the invention, the core layer may compr.se 

blend of polypropylene as described above, preferably tsotactic polypropylene, 

mixed with, for example, 2 to 10 wt % ethylene-propylene copolymer, satd 

copolymer preferably being 50 to 100 w, % E-P copolymer which contams from 

0 5 to 1 w. % ethylene, the balance being propylene. These fractional copolymers 

are commercially available as ready-mix resin containing 0.6 v, % ethylene (4173 

from Fina). . , - 

,„ another aspect of the invention, the core layer may compnse a blend of 
0 polypropylene as described above, preferably isotactic polypropylene, mixed wtth 
pro^-buty.- copolymer. Suitable propy.ene-butylene copolymers mclude 
Cel SRD4-105, and Cefor SRD4-.04 available from Shell Chemical Company 

,„ ye, another aspect of the invention, the core layer may compnse a blend 
of polypropylene as described above, preferably isotactic polypropylene, mtxed 
, 5 with linear low density polyethylene (LLDPE). These polymers may have a mel, 
' index of 1 to 10. The linear low density po.yethylenes may have a densrty m the 
range of 0.88-0.94 g/cc, preferably, 0.89-0.92 g/cc. The linear low dens.ty 
polyethylenes may be derived from ethylene together with other htgher 
comonomers such asbutene-1, hexene-. or oc,ene-l. Commercially avatlable 
30 LLDPEs include Exact 2009, Exact 2010, and Exact 3016 available from 
ExxonMobil Chemical Company 
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In another — - - layer may compnse a ^nd of 
sy— cpolypropy^^^^^ 

Suitable E-P copo.yn.ers are descnbeti - ^ ^ 6% . 
5 canp „ssessan>so««ici«yoflessthanl5/.,mpar.,c U l d 

Conlercial.y avai.aWesyndio.aCie po.ypropylene res,ns mc.ude 

, W above preferably isotactic polypropylene, mixed 
ofpo.ypropy.ene as ^ <^ * modlfier . suitable terpolymers 

mc ,ude .hose — 3 t^ • ^ ^ „„„ Serie , 

terpolymers are avarlab.e from Ctusso, 

Cher suitable are 
„, t0 3 v, % e.hy.e„e, and .3 to 20 wt % » 

polypropylene (RPP). in the present core 

n o«,«i^ of hvdrocarbon resins (c),wmcnnwy 

film properties. The resin moon 5Q00j foj . 

— — r-.o.OOO.Xheresin 

25 ^ r "artilar hydrocarbon resins inc.ude among others 
^ 10 ab0U ' .irresins sU" -ins and cyc.openudiene resins, 
petroleum resms, .erpene ™* hydrogena ted hydrocarbon resins are 

,hose sold under the trademarks PICCOLYTb, ke „ corez by 

ExxonMobil Chemical Company of Houston, TX. 
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One particuiar resin modifier is referred ,o herein as a saturated aHcycHc 
• Th e saled ancyciic resins are obtained by the hydration of aroma.,c 

Jactive unsaved hydrocarbons conning, as the pnnetpai compo «. 

^ u t «s°r to about 140°C for example, from about 100 ^ » 
10 softening point from about 85 C to abound 

tradema* ARKON-P by Arafcawa Fores, Chemtca, ^ P 

,„ general terms, the core iayer B may compnse !5 w. /. or 

raay comprise from about w, /. . b ^ ^ rf . 

narticular component to be cnosen 

parucum y .eofthpfilm Therefore, in certain 

— -r^^ eramoun,s,fore X amp,e, 1 .o 5 

20 circumstances, it may be oesiraoic 

nrt or hydrocarbon resin (c), and in other 
wt % of polymeric material (b) or hydro 

tances it may be desirable to choose larger amounts, for example, 
circumstances, it may uc u 

wf/oofpolymericmateriaKWorhydrocarbonresmCc). Core.ayerB y 
■ • pririlv at relatively low heat seal temperatures. 
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propylene random copolymers, ethylene-propylene-butene random terpolymers, 

and propylene-butene copolymers. 

Examples of ethylene-propylene copolymers for skin layer A may contain 
2-10 weight percent random ethylene, e.g. 3-7 wt % ethylene. 
5 Examples of ethylene-propylene-butylene random terpolymers for skin 

layer A may contain 1-5 wt % random ethylene, and 10-25 wt % random butylene. 
The amounts of the random ethylene and butylene components in these 
copolymers may be in the range of 10 to 25 percent total (ethylene plus butylene). 
Terpolymers of this type include those with about 1-5 percent ethylene and 10-25 

10 percent butylene. 

The copolymers and terpolymers of skin layer A may have a melt flow rate 
in the range of about 5 to 10 with a density of about 0.9 and a melting point or less 
than 130°C, for example, in the range of about 1 15°C or less to about 130°C. 

Skin layer A may also be made from a low density polyethylene. This 
15 polyethylene may be a linear low density polyethylene (LLDPE) or a non-linear 
polyethylene. These polymers may have a melt index of 1 to 10. The low den S1 ty 
polyethylenes may have a density of 0.88 to 0.93, while the linear matenals may 
have a density as high as 0.94, usually in the range 0.90-0.94, e.g., 0.918 to 0.921, 
with a melt index from about 1 to about 10. The linear low density polyethylenes 
20 may be derived from ethylene together with other higher comonomers such as 

hexene-1 or octene-1. 

Skin layer A may be formed from a mixture of polymers. For example, it 
may be made from a mixture of ethylene-propylene-butene- 1 terpolymer and low 
density polyethylene (LDPE). For example, skin layer A can compose 85 to 95 
25 wt %, say 90 wt %, of ethylene-propylene-butene- 1 terpolymer and 5 to 15 wt %, 
say 10 wt % low density polyethylene (LDPE). 

Skin layer A may be made from heat sealable copolymers and terpolymers 
described above as polymeric material (b) for core layer A. 

Skin layer C may be made from the copolymers and terpolymers described 
30 above for use in making skin layer A. Skin layer C may also be made from a 
polyolefin homopolymer, such as polyethylene or polypropylene. 
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Either or both of skin layers A and C may include one or more antiblock 
agents. These antiblock agents include inorganic particles, such as clays, talc, 
glass, and others. One antiblock material can be used alone, or different sizes and 
shapes can be blended to optimize machinability. The major proportion of the 

5 particles, for example, more than half, may be of such a size that a significant 
portion of their surface area, will extend beyond the exposed surface of such skin 
layer. Suitable antiblocks include, but are not limited to, fully cross-linked non- 
meltable polymethyl methacrylate (PMMA) particles, such as EPOSTAR® MA- 
1002, or silica (Si0 2 ) particles, such as SYLOBLOC 44 from W.R. Grace, or fully 

10 cross-linked or non-meltable polysiloxane micro-spheres, such as TOSPEARL 

T120A, from Toshiba Silicone Company, Ltd. Partially cross-linked polysiloxane 
particles, which release non-cross-linked liquid silicone under stress, as described 
in U.S. Patent No. 5,840,419, can also be used. The solid antiblock may be 
incorporated into the layer in an amount ranging from about 0.1 to about 0.5 % by 

15 weight, preferably from about 0.15 to about 0.30 % by weight, based on the entire 
weight of the layer. 

Useful antistatic additives which can be used in amounts ranging from 
about 0.05 to about 3 wt %, based upon the weight of the layer, include alkali 
metal sulfonates, polyether-modified polydiorganosiloxanes, 

20 polyalkylphenylsiloxanes and tertiary amines. The antistatic agent may be 
glycerol monostearate (GMS) or a blend of GMS and tertiary amine. 

Slip additives include higher aliphatic acid amides, higher aliphatic acid 
esters, waxes and metal soaps, which can be used in amounts ranging from about 
0. 1 to about 2 wt % based on the total weight of the layer. A specific example of 

25 a fatty amide slip additive is erucamide. Optionally, one or more layers may be 
compounded with a wax for lubricity. Amounts of wax range from about 1 to 
about 15 wt % based on the total weight of the layer. 

Antioxidants, such as phenolic antioxidants, may be used in amounts 
ranging from about 0.1 wt % to about 2 wt %, based on the total weight of the 

30 layer. An example of an antioxidant is commercially available under the 
trademark IRGANOX 1010. 
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The present film may have one or more core layers, for example, from 3 to 
6 core layers. The compositions of these core layers may be the same or different. 
It will be understood that any layer which is included between skin layers A and C 
is defined herein as a core layer. 
5 The film may be formed by coextruding the thermoplastic polymer- 

containing core layer(s) together with the skin layers through a flat sheet extruder 
die at a sufficient extrusion temperature, casting the film onto a cooling drum and 
quenching the film. The sheet may then be stretched, for example, at least about 4 
times, e.g., at least about 5 times, in the machine direction (MD) between rolls, 
10 and then stretched about 6 to 10 times in the transverse direction (TD) in a tenter. 
The film may be cast and stretched in a manner such that skin layer C, optionally 
including an antiblock agent, is contacted with the casting drum and the MD 
stretching rolls. The film may then be wound onto a reel. Optionally, one or both 
of the external surfaces of skin layers A and C are coated or flame or corona 
1 5 treated before winding. 

The core layer(s) may represent about 70 to about 95 percent of the 
thickness of the total multilayer polymeric film. 

The temperature of the MD stretching should be sufficiently low to result 
in the desired shrink characteristics of the film. This temperature may be 105°C or 
20 less, e.g., 90°C or less, e.g., even 75°C or less, depending upon the components 
selected to form the film. 

The present film may possess excellent gloss and haze characteristics. The 
gloss may be at least 90, for example, as determined by ASTM D 2457-70. The 
haze may be less than 2, for example, as determined by ASTM D 1003-61. 
25 EXAMPLES 

An 8 layer film structure is prepared with the following orientation process 
conditions: longitudinal stretching temperature - 85°C; transverse stretching 
temperature - 141°C; and longitudinal stretch - 5.2 times. The six core layers of 
the film are made of the same material. The film has a thickness of 14 microns. 
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A film is prepared with the following structure: 



polyolefinic copolymer or terpolymer which is 
compounded with an effective amount of anti-blocking 

agent and lubricants 

polypropylene +8.9% hydrocarbon +12.5% 

polyethylene polypropylene copolymer 

polypropylene +8.9% hydrocarbon +12.5% 

polyethylene polypropylene copolymer 

polypropylene +8.9% hydrocarbon +12.5% 

polyethylene polypropylene copolymer 

polyolefinic copolymer or terpolymer which is 
compounded with an effective amount of anti-blocking 
agent and lubricants 

Three layer film - a/b/c 

Core 5% EP copolymer +2.4% hydrocarbon (softening point 138°C) 



Longitudinal stretching section temperatures °F 

mdo xl mdo x2 mdo x3 mdo x4 mdo x5 mdo x6 mdo x7 mdo x8 mdo x9 mdo xlO 
190 200 200 200 200 210 215 205 193 193 



Sealable skins no treatment 



The following regression of 17 variables illustrates the ability of the 
hydrocarbon to regain the mechanical property of modulus lost when a modifier i 
added. 



Spp = syndiotactic polypropylene 
Pb/pe = Polybutylene/polyethylene copolymer 
Pe/pp = polyethylene/polypropylene copolymer 
Hydrocarbon = 138°C softening point 
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The regression equation is: 

Longitudinal MODULUS psi = 263129 - 1368 SPP - 2943 Pb/pe - 858 pe/pp + 3442 hydrocarbon 
predictor coefficient Std. Dev. t-value p 



constant 263129 15975 16.47 0.000 

Spp -1368.0 878.5 -1.56 0.142 

pb/pe -2943 1606 -1.83 0.088 

pe/pp -858 1261 -0.68 0.507 

hydrocarbon 3441.6 920.0 3.74 0.002 



5 layer films a/b/b/b/b/b/c/ (using 5 extruders) 

Opp 120718 = butene-l/polypropylene copolymer + antiblock 
5 - Affinity 1 845 metallocene LLDPE 

Opp 12080 = butene-l/polypropylene copolymer + antiblock + lubricant 
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